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Abstract 
Atmospheric aerosols affect climate of the Earth, scatter sunlight and serve as cloud condensation nuclei 
(CCN). Yet the reason for many observed events of new aerosol formation is not understood. One of the ideas 
put forward to explain these events is that the presence of SO42- can enhance the formation of aerosols. These 
sulphate aerosols form partly during the oxidation of the oceanic emission Dimethyl sulfide (DMS) into the 
atmosphere and partly from volcanoes, plants and soils, fossil fuel combustion, and biomass burning. In this 
paper, laboratory experiments on warm cloud formation with different acid ion density are presented. The 
results show that the lifetime of cloud is reduced by increasing density of SO42-, but this changes is not 
significant (significance level, P=0.578), while the cloud concentration is significantly changed with the 
decreasing of density of SO42- (P=0.001). There is also a good significant correlation between cloud 
concentration with the maximum temperature change, with correlation coefficient, r=0.646 (p=0.004). 
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1. Introduction 
Aerosols are present throughout the atmosphere and affect the climate of the Earth by varying cloud 
properties [1]. Researches show that the presence of ions may enhance the formation of aerosols [2]. The role 
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of ions in the production of aerosols is among the least understood, while being an important, process in the 
Earth’s atmosphere. The nucleation rate is usually proportional to the ion density and the negative ions are 
important in nucleation [2]. One of the negative ions in the atmosphere is SO42-, observed as sea and non sea 
salts (SS-SO42-, NSS-SO42-, SO42- = NSS-SO42- + SS- SO42-). NSS-SO42- is that fraction of marine SO42- 
aerosol that is not derived from sea water aerosol droplets. NSS-SO42- plays a key role in radiation and cloud 
processes. Hence, it is important to understand the factors affecting its distribution over the oceans. NSS-SO42- 
is a major acidic aerosol species in the atmosphere; over large areas of the world. The pH of aerosols and 
precipitation is largely controlled by the density of NSS-SO42- and ammonium. NSS-SO42- aerosol over the 
oceans has two major sources: the oxidation of Dimethyl-sulfide (DMS) emitted by marine organisms and 
pollution transported from the continents [3]. Experimental evidence for a microphysical mechanism has been 
reported in different papers [2, 4, 5, 6 and 7]. However, the role of ion sulfate has not been explored 
extensively in the laboratory or in field observations. The goal of the current paper is to report some results of 
the study the effects of sulfate aerosol on the warm cloud formation using laboratory experiments. 
2. Experimental methods 
The measurements were performed in a 20 litter reaction glass chamber shown schematically in Fig.1. 
Commercially available sulphuric acid was used to generate SO42- for the experiments. 
 
 
Fig. 1. Schematically figure of the experimental set up. 
Table 1. Density of acid was tested and their relevant PH. 












In order to study the cloud lifetime, cloud concentration and maximum temperature change, five different 
densities of H2SO4was added in 1 litre of water at the bottom of the chamber (Table 1). The pressure was 
increased up to 103 mmHg in the cloud chamber, and then aerosols were allowed to settle to a new steady 
state for a period of 10-15 minutes. After that the gases was affected under free expansion by opening the 
chamber valves, this resulted in formation of cloud droplet with a certain density. Cloud concentration was 
measured by a laser system including a detecting device that detects the opacity of the cloud chamber to laser 
light; cloud lifetime was estimated by responses of laser system too. A fast response temperature sensor 
measures the temperature in the chamber. The experiments were repeated for 4 times in each density of acid 
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ion. 
We also used the nonparametric statistical analysis methods based on ranking the responses and compare 
mean of this ranks between groups. In this way ‘Kruscal Wallis’ test was used to compare distributions each 
of the response variables (namely cloud lifetime, cloud concentration and maximum temperature change) 
between 5 different density of H2SO4, Also to show the repeatability of runs (4 testes) within each experiment 
group with a specific acid density. The Spearman test was used to determine correlation coefficient between 
all response variables runs of each experiment.  
3. Results 
The results show that the cloud lifetime is reduced by the increase of the density of SO42- in the chamber, 
but these changes are not significant (P=0.578), while the cloud concentration is significantly changed with 
this decrease (P=0.001). In 1039.98 PPM of pure sulphuric acid case study, we have maximum cloud 
concentration (depicted in table 2). Changes between different tests of the experiments within each density of 
acid ion were not significant (p>0.05). With increasing cloud concentration, the maximum temperature 
change also rises.There is a good correlation between the cloud concentration with maximum of temperature 
change correlation coefficient 0.646(p=0.004). It seems that, in the fourth run larger droplets have been 
formed; although the cloud has more concentration, but it cleared faster [8]. Also, the maximum temperature 
change is related to the maximum cloud concentration; because the inner temperature variation of chamber 
has probably a direct relation with nucleation. It means that in this experiment, an optimum acid concentration 
for cloud has been deduced. 
In the last run, the concentration of cloud is reduced severely that can be concluded that the least 
concentration of nucleation acid has occurred. 
Table 2. The mean ranks, mean and standard error of response variables in different experiments 
Acid density 
(H2SO4PPM) 
Runs(N) Lifetime (s)   Cloud concentration 
(Arbitrary unit, A.U.) 




Mean SD  Mean 
Rank 
Mean SD   Mean 
Rank 
Mean SD 
      
333.58 4 15.17 151.25 29.95  8.75 0.54 0.024   7.83 1.77 0.03 
450.8 4 13.75 143.75 19.23  16.25 0.64 0.02   9.5 1.83 0.07 
647.53 4 10.38 109.63 3.73  6.88 0.52 0.015   3.63 1.62 0.05 
1039.98 4 9 109.33 7.44  21.5 0.75 0.01   16.5 2.27 0.05 
1628.65 4 9.5 111.8 7.31  6 0.48 0.04   9.63 1.85 0.1 
    P=0.578   P=0.001     P=0.016 
We show the charts of cloud lifetime in the first run in each density of acid separately and compare 
visually with together (Fig 2). Note that the detected power of laser is proportional to the concentration of the 
cloud reversely. And finally the change in the response of the cloud formation was averaged over all 
experiments. The blue bars in Fig 3 show that the changes in different tests are as a function of acidic ion 
density, averaged over the five runs. It is seen that the response is remarkably constant over the shown size 
range. 
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Fig. 2. Comparison between ‘cloud lifetime’ charts in the first run of each density of H2SO4, heavy solid lines show different density of 
acid, note that detected power of laser is proportional to the concentration of the cloud reversely.  
 
Fig. 3. Mean +, - 2 Standard error of cloud lifetime changes in different runs as a function of H2SO4 density in the chamber 
4. Summary and conclusions 
A clear physical understanding of atmospheric particle nucleation mechanisms is critical in assessing the 
influences of aerosols on climate and climate variability. To study the role of SO42- in an experimental 
examination, we tested five different density of H2SO4 in a cloud chamber. For each experimental test, the 
lifetime, the cloud concentration and maximum temperature changes were measured. The mean lifetime, 
mean and standard error of the cloud concentrations in each variable and the changes in them over four tests 
within each density separately were collected. Also Kruscal Wallis test (a nonparametric statistical analysis 
method) has been done to compare distributions of each of them in different density of H2SO4. The Spearman 
test was used to determine correlation between the response variables and show there is a good correlation 
between cloud concentration and maximum temperature change. Moreover, comparison of the cloud 
characteristics was done to show the repeatability of tests (4 tests) in each experiment with a specific acid 
density. The results show that cloud lifetime is not dependent on the density of acid ion (333.58 to 1628.65 
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PPM) probability, while there is a significant increase in the cloud concentration with the increase of acid 
density in the chamber. So cloud concentration can be affected by ion density. This result is supported by 
Katz and Svensmark studies [2, 7, and 9]. Also this research illustrates that as the ion density increases up to a 
certain value, the cloud concentration increases, after that by adding density of the acid ion, the cloud 
concentration decreases. We have the best cloud concentration in the chamber for 1039.98 PPM. The results 
presented here may provide an important missing piece of the puzzle as to how SO42- may affect climate 
change.    
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